乱流におけるエネルギーカスケードの統計 (乱流現象と力学系的縮約) by 戸田, 卓也 & 後藤, 俊幸
Title乱流におけるエネルギーカスケードの統計 (乱流現象と力学系的縮約)
Author(s)戸田, 卓也; 後藤, 俊幸










Department of Engineering Physics,
Nagoya Institute of Technology
,
, (DNS) . , DNS ( $2048^{3}$ )
, .
. , 3 ,





, , , , . ,
, ,
, , .
, , Navier-Stokes( $\mathrm{N}\mathrm{S}$ )
(Direct Numerical $\mathrm{S}\mathrm{i}\mathrm{n}\mathrm{T}\mathrm{u}\mathrm{l}\mathrm{a}\mathrm{t}\mathrm{i}\mathrm{o}\mathrm{n}j$ DNS) .
$1024^{3}$ DNS ,
, . , ,
. , , DNS
, . ,
$\mathrm{N}\mathrm{S}$ DNS , (Fast Fourier Transform; FFT)





$\mathrm{N}\mathrm{S}$ , 3 ,
. . $\mathrm{L}\mathrm{a}\mathrm{g}_{\mathrm{I}\mathrm{a}\mathrm{I}\mathrm{l}}.\mathrm{g}.\mathrm{e}$
(LRA) , ,









$\frac{\partial u}{\partial t}-u\mathrm{x}\omega=-\nabla/(\frac{p}{\rho}+\frac{u^{\underline{\mathrm{z}}}}{2}.)+\nu\Delta u+f$ , $\nabla\cdot u=0$ , (2.1)
$\frac{\partial\theta}{\partial t}+u\cdot\nabla\theta=\kappa.\Delta\theta+g_{\theta}$. (2.2)
, $u,$ $\omega(=\nabla\rangle\langle u),p,$ $\theta,$ $f$ $g_{\theta}$ $t$ , $x$ , , , , ,
, $\rho,$ $\nu,$ $\kappa$ , , . ,
$\rho=1,$ $\{\nu, \kappa\}=$ . , 3 ,
( $f$ $g\theta$ ) . , 3 $K=\{(x, y, z)|0\leq x, y, z\leq 2\pi\}$
. , $\mathrm{N}\mathrm{S}$ , 4
$\mathrm{R}\mathrm{u}\mathrm{n}\mathrm{g}\mathrm{e}- \mathrm{K}\mathrm{t}\iota \mathrm{t}\mathrm{t}\mathrm{a}\sim \mathrm{G}\mathrm{i}\mathrm{l}\mathrm{l}$ , .
2.2
$( \frac{\partial}{\partial t}+2\nu k^{2}.)E(k,t)=T(k, t)+F(k, t)$ (2.3)
. , $E$ , $T$ $F$
. * , Real , $\delta_{ij}$ Kronecker .
$E(k_{1}t) \equiv 4\pi k^{2}\langle\frac{1}{2}|u(k., t)|^{2}\rangle=4?\mathrm{r}k^{2}\langle\frac{1}{2}u_{i}(k, t)u_{i}^{*}(k, t)\rangle$ , (2.4)
$T(k., t)\equiv 4\pi k^{-\prime}$
.
$/ \int$ $S(k|p,q)$ dpdq, (2.5)
$k+p+q=0$
3 $(k|p, q)\equiv P_{ij}Re,\zeta\iota l\{\langle u_{i}(k)[u(p)\mathrm{x}\omega(q)]_{j}\rangle\}$ , $P_{i\mathrm{j}}(k) \equiv\delta_{i\mathrm{j}}-\cdot\frac{k_{i}k_{j}}{k^{2}}.$ , (2.6)
$F(k, t)\equiv 4\pi k^{\underline{?}}$.Reat $[\langle u_{i}^{*}(k)f_{i}(k)\rangle]$ . (2.7)
$T(k, t)$ , 3 $k$ .
, $\mathrm{I}\mathrm{I}$
$\mathrm{I}\mathrm{I}(k, t)\equiv\oint_{k}^{\infty}.T(k’, t)dk’$ (2.8)





$( \frac{\partial}{\partial t}+2\kappa h^{2}’.)E_{\theta}(k,t)=T_{\theta}(k, t)+G_{\theta}(k^{\wedge}, t)$ (2.9)
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$E_{\theta}(k,t) \equiv 4\pi k^{9}\sim\langle\frac{1}{2}|\theta(k, t)|^{2}\rangle=4\pi k^{2}\langle\frac{1}{2}\theta(k, t)\theta^{*}(k, t)\rangle$ , (2.10)
$T_{\theta}(k, t)\equiv 4\pi k^{\supseteq}$ $\mathit{1}I$ $S_{\theta}(k|p, q)dpdq$ , (2.11)
$k+p+q=0$
$S_{\theta}(k|p,q)\equiv Real[\langle.\mathrm{i},\theta(k)k\cdot u(p)\theta(q)\rangle]$ , (2.12)
$G_{\theta}(k, t)\equiv 4\pi k^{2}$ Real $[\langle\theta^{*}(k)g_{\theta}(k)\rangle]$ . (2.13)
, $\Pi_{\theta}$
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$T$ (2.5) , 3 $k,$ $p,$ $q$
. $k$ , 3 $k+p+q=0$ ,
$k=|k^{\sim}|,$ $p=|p|,$ $q=|q|$ , \Delta
$T(k, t)=J \int_{\Delta_{k-}}\mathrm{S}\pi^{2}kpqS(k|p,q)$ dpdq
$\equiv\int\int_{\Delta_{k}}T(k|p, q)$ dpdq $(4.1_{\mathrm{t}}^{r_{)}})$
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$=l^{\infty}W(k, \alpha)\frac{da}{\alpha}$ , (4.17)
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$i$ . $.i$ .
, $\Delta k=1,$ $[x]$ $x$ . ,
, $(n=16)$ .
$\mathrm{s}_{n}^{1}=n\cdot w(16-n)+2^{n/4}\cdot w(n-16)$ ,
$w \langle x)=\frac{1}{2}(1+\tanh\frac{x}{2})$ .
1 . $p$ $q$ , (4.15) $k$
, .
$p$ , $7l$ ,
. $\hat{p}_{r\mathrm{t}}=[s.\mapsto_{\mathrm{t}-1}s_{\tau \mathrm{t}}]+.\frac{1}{2}\Delta k$ ,
’
$u^{p,}‘(p, t)\equiv u(p, t)H(p-\hat{p}_{n})H(\hat{p}_{n+1}-p)$ . $(4’.20)$
, $H$ . , (4.15) $T(k.|p, q)$ , (4.21),
(4.22) . $m,$ $n$ .
$T(k|p_{\mathit{7}n},q_{n})=4\pi k^{\underline{y}}.P_{i\mathrm{j}}$ Reat $\{\langle u_{i}(k)[u^{p_{n\iota}}(p)\mathrm{X}\mathrm{t}d^{q_{n}}(q)]_{j}\rangle\}$ , (4.21)
$T_{\theta}(k|p_{m}, q_{n})=4\pi k^{2}$.Real $[\langle i\theta(k)k\cdot u^{p_{m}}(p)\theta^{q_{n}}(q)\rangle]$ . (4.22)
$\alpha$ , 3 $k,p,$ $q$
$\hat{\alpha}=\frac{l\downarrow/fax(k_{l},p_{n\iota},q_{n})}{\lambda \mathrm{f}\mathrm{i}n(k_{l},p_{m},q_{n})}$. (4.23)
. $\hat{\alpha}$ $\hat{\alpha}=2^{L/\Delta}$ , $\hat{\alpha}$ $L(=[\Delta 1\mathrm{t})\mathrm{g}_{2}\hat{\alpha}]$ ; $[]$ : )
, $k_{l}$ $W$ . (4.18) , $T(k\iota|p_{m}, q_{n})$
, .
$W(k_{l}, \hat{\alpha})=\frac{\Delta}{\log 2}.,\sum_{k=k_{l}}^{\infty}.\sum_{\mathrm{p}_{m},q_{n}}T(k’|p_{m}, q_{n},\hat{\alpha})$ . (4.24)
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\epsilon - -\chi .
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